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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an InGaN crystal 
having excellent crystallinity even when the composition 
of In is increased, by forming an island-shaped laminated 
body composed of a first semiconductor layer and a 
second semiconductor layer on the top face of the 
protruding part of a substrate. 

SOLUTION: A second semiconductor layer 13 composed 
of InGaN having a lattice constant different from that of 
a first semiconductor layer 1 2A is selectively grown on a 
plane parallel to the substrate plane in a region excluding 
the top face of a protruding part 1 1a and the protruding 
part 1 1a, as it is not easily grown on the side planes of 
the protruding part 1 1a of the substrate 11 A, unlike the 
normal growing method wherein the layer is uniformly 
grown on the flat substrate plane. As a result, an 
isolated second semiconductor layer 13a composed of 
desired InGaN grows in a minute region having a width of 
approximately 10 jam, stress during the growth is 
operated to the isolated second semiconductor layer 13a 

only in a uniaxial direction, distortion due to a difference between the thermal expansion 
coefficients of the substrate 1 1A and InGaN can be reduced, resulting in improving the 
crystallinity of the InGaN included in a laminated body 14A. 
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[0 0 4 8] jg i <D^MmmRxf%:<Dmj&m\z*$ 

S«l 1 AOMl 1 aXtWMFMNcJI 1 2 BO 
t£b£l$ 1 2 b (DffliJga^r[fi]^ffiS:^{c^ 1 0 n m £ Lfcj&s, 

[0049] ^fc, ^asp iia, 12b (omum^m 

^0#lC I n/S^S|£b«fP 11a, 12b <7)ffilJ®7^i£t£b&5 
11a, 1 2 bOll®_ht-tetfcL J ? 3 i-< teZfztb, Mit 20 
Lfc#2<0¥«MMl 3 a, 1 3 bWI nCDmf&&±% 
< T^5o 

[0 0 5 0] (I2(^ail) J£AT\ #$8W0)fl2<£> 

[0 0 5 1] H3tt*2<^SIlS»*fc«S4 fc *<*<?5*lat 

Sr^L-Cl^ 0 13 ^^"TJ: fflxJ*. MO 30 

VPES«:ffl^tf7r^7J;D45iS2 l ±lc±m 
^Al, Ga,., NJ; «9&5T16JB2 2*****, * 
<^t> Til 2 2 Oli^n P 1 0 M miS(D>> 

y (s i o 2 ) mx *> kz>^ 2 3 

C0±ffi^^oit5^^^^^^ — >2 3<30^PgPfC, Al y 
Ga,-, N<t545*l©*i#|24tln, Ga 
1-. 5 4:5S2^»*12 5 <!: £3«WKI(S&/£ 

***S2 5 i!?iS«Ht:2 6 30S»«S<X«. 40 

[0052] ^mmmmAcx^t, *i<o**»i2 4 

tf s * TH&I2 20±S{:^$^c-7^^/^-y2 3 

I nGa NJ; 9 & 63? 2 <Z)^igWI 2 5 tt, B^+SS 
^10^ mIS(^»/J^8l:SS 2 1 75>e>fflar LTtfcfi 

X\ mm 2 I t I nGaNt <Of&mi&&Wt<Dmzfemir 
Z>mfr&1&M-FZ>Zk&T*£, I nGaNOM^ 
±^~<5 0 50 
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[0 0 5 3] S«2 Ub(-A lGaNj:545T 

ll2 2^MLt^'5fc^, ®2C0*i8#JB2 5<7> I 
nGa N 9 JC|6j±-r5 0 

[0 0 5 4] ft*5, vX^/^-y2 3lt ^^^^1 
ffc (S i 3 N< ) It^otU^o 

[0 0 5 5] J£AT\ I n G a NiKMItf) I n <7>*&fi)c SrK V * 

[0 0 5 6] 0 4ttl nGaNj;9Mg2©**fM 

ifiln^i^Pit^^ Sl^)«($i2 4 
<DWmt*b I njgi=-«tLr< £fcfc!9, ¥±Iffi 
±, {hitman l^i(*l2 4<Dllffi±^ 

I nJ®^(Z)4^ti^0L, I n(7)M/5^^M 
nGaN&M§t^ 0 Hot, rO«t5ft*S* 

I n <£>*&j£it x £ 0 ^ x ^ 1 tOffifflT* nlffi^RB 19 1 (-iff 

[0057] nGaN^J &6^2<7>^zg 

[0 0 5 8] «r3*^*3^»S:Sr*WL^**, 
SMRJifciSixfc I nGaN«t^j;5S2^**l2 5 

[0 0 5 9] ft*^ IiM^2^M^)j; 5(c, 

[0060] ^fc. m2<Dmmwmte, r 

[0 0 6 1 ] ^-f, ^4<Df^3t r A p p 1 i e d Ph 
ysics Letters, Vol. 68 (199 
6) pp. 9 7 6- 9 7 8J Ktt, *7 r -< T ct <9 4 S 
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[0062] rixfr^-LT, l2ons»irii, 

[0 0 6 3] SSttJ^v-^ hJl£r*ttl£-t*:5 

[oo64] (fg 3 (Dmmmm) &>t* *&m<on 3 ^ 

^-VJCJ; «9 G a N^ 0 0 ^M$t^M^V^TG 
aN^ ft 5. 
[0065] [g]5 (a) - (c) RXfM 6(a), 
(b) tt»3 0**»lifCffi5^»*X«^iiJiirjfe(^ 
ISffiO»ffi*filiS:^L"C^5o *i\ H5 (a) 
i-J:5f-> 0iJx.ll MOVPES^lV^f77^T«t 
9 1 iitc^ffitcG a NJ; n ^5T1I 32^ 

-^o^ Til3 2 0>Jhfci8llnffi0>«jSS l o 

Mmgt^S i 0 2 V ftZ)^ > 3 

f&~tZ>o Sft, MOVPEW^t, TiS3 2^)± 
ffii;joit^v^^/^-y3 3 cogSpgfP^G aNJ;^^ 

[0066] H5 (b) Kmir^o\c Sfcfc:. ^mi* 

£ «t 9 f^/Sfi^fc^ 0 5 (c) ^^-Ti 9 t-, 

3 1, T113 2RTJtx?s<# — is 3 3 ^IftKWtciffi 

[0 0 6 7] ¥*#S«3 4 Al^^tilCD^&^?mL;'7 

i£<!:LT > i6 (a) (;^ti;3i:^ — >3 

(b) (C^-f-J; 9 (C, lft3 l^ftCv^^p/qy 

1 3 4 Wgia^Mt ^ r i: j; o 
3 4A^^Ht#^ 

[0 0 6 8] *3gJ£^ffiC: J; S <t > Ti&g 3 2 Ic^cflfetfS 

«oT, "7^^^-y3 3«P9«Mf«¥ 
**13 4fi^rOTfiiJ^-^^^^^ — V3 3^#ffii"S 
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3 3_b{C^S-r^>G a N^ B B 0 ^ 0 H 0 ^^ffii6rMtlT^ 

-So 

[0 0 6 9] ft*3, Ti§3 2tt#*-Ctt&V>as % fift^ 

[0070] (m4(Dmmmm) ot, *8fl©*4w 

10 it£fa(7) pfG a N^M*^iIW#^ii^ 

[0 0 7 1 ] H7tt*4 0*l(||»ttfC«S^*#^«3ft 

i7(OlttJ;9^, ^-f, MOVPES^fflt^t77 
-fr«t!9*S*«4 lJhlC^ffi^A 1, Ga,- y N«fct> 

^pgijoiie^ 1 0 ^ mis^s i o 2 mx*) 

T, Ti&g4 2 <n±M\^tertZ>^ — ISA 30BB 

20 P^tC. Al y Ga,-, t> <f5^ifrl4 4 Sr»tR 

fv^lsPiS^—As-r J* (Cp 2 Mg) 
*«4 l_b{CttJ&L*3&Sb, ***f4 4i7)±|:Al y 
Ga,-, NJ:^^pi^l4 5S:S««|:^U 

[0072] -m^, p i^^g 4 5 &fcmm\z*z> 

mitCte, SpIMft:i4 5(7)M^Cp 2 Mg^ 
^^«*&**rl#*nSli:"Cpa^affr*4 5 ^Mg(D 
iffilriS^6 J: o \z-r&&, c P2 Mg^WJCft 
30 fc-tZt, pI^l4 5^ B 0 e ffl«tl, Mg^ 

it It 9 o 

[0073] La*ufca$e>, *iswcj:5^ 07 

f£*-fJ:5fC, p I K-/> y h g 4 
4<D«ffitc:»i3 ji*ix^< <> ^co£\ KSHKWTfc 
¥-m.mz&ft\z& Y) j££*i6 <h ^ 0 

Cp 2 Mg^^li(c«u c c<tt )> Mg^i 

[0 0 7 4] Sot, roil^Sirj: 19 s {gj&fettf) p 

[0 0 7 5] ^jb\ Sl7^-r«fc 5*C *»*|4 4W 

*14 4<7>HS±^»e*ca:«T?#S3t«>, pl^ift 
^4 5<DMg<Oj»«^J: «9^{CK< 45. 
50 [0 0 7 6] Ifcfc. «(0»|4 4^^^^ 
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xhX^\ 

[0077] (m 5 (Dmmmm) ^mm^m 5 ^ 

[0 0 7 8] B8fi:ff 5<^Hlfi»fll(cffi^^^C^ 

So E18{c^:-rJ: t7r^fr J: 0 4:5 MR 5 1 co 
±{-fi, ififfi LfcG a NJ: D^5i&^<^^rg 10 
52<b, n* SGaNJ:5/i5nS=»y^^ M 5 3 ^ 

nlAU.. Gao. 9 N J; «9 ft 5 n g}^ 7 y Kg 5 
5 G a NJ; 0*5*1 (O^tiS^i KJi 5 6 In 
o. 2 ,Gao. 8 .Nj;l9^5^1^F^ttl5 7 Ga 
NJ:^^g2(D^ KS5 8 piAlo., Ga 

N J: "9 ft 5 pi^ 7 s> Kg 59t, p* iGaNJ; 

D^6 P i^y^^ hg6 0 t3fl5»astfCv^o 20 

[0 0 7 9] pfny^^ M6 0(7)±S^ttNi/A 
u Jz<9ft£p{JUjm*£6 ljWf£j*£*U nSi^^^hg 
5 3(D±®[I(iT i /A 1 J: «9ftSnfl!jm^l6 2 tm$L 

[0 0 8 0] «TlE©J:5fc«^Sixfc**»»« 

[0081] 0 9 (a) - (d) RtMS 10(a)- 

7o ^tfe, »Lf:lS5UMOVPEM (H^ 

M-T^o Rfc'lF fa 7 0 T o r r <Z)7j^ 

SHSirU raS^i 1 0 0°C(c^t*aLtifi5 

[0 0 8 2] ScfC, 0 9 (a) [C^-TJ:5tC, S/£*p£t 

fi5 0 Ot:Jc*-C|»fflLfc«, IS5 1±l:, 

2 m m o 1 /m i n CO h U ^ ^vUT? !i (TMG) 

t, iM^2.5L/minW7y^^7 (NH 3 ) 40 

Zf*t, m$m-2 L/m i nO^r-y y T*Sf ££I^B# 
r klcX <9 , ffJ«5 0nm^GaNJ:5 

en 0 0 0°Cl:tt'MU nlK-^fiUW 

(SiH 4 ) #*£g«5 1 JiK£ioKffc#&L 
t\ i£^y77i5 2<Z>±ffilCj?£ri$#ft3 w mTS i 
^FfcEfeftffia 5 lX10 18 cm-^n|!3^ni53 

[0 0 8 3] 0 9 (b) ic^i-J; 9 frfc&fr 
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5 1 CO_bid±3a^^?to-CJ?^^^0. 1 AtmCOS i O 

. J: 0ftS^^^»*lll7 l 
[0 0 8 4] 0 9 (c) tc^-TJ:5(c, ^t°^-^r 

l^0>IR]Ma s 3 0 0 /i mX^:tl*:tl<DffiQ$&fr 1 0 ^ 

-v7 2eMf^ Q fiu r^Tiiii^i, 0 

mi Lfcri*, 5 *i m^«b 50^ mgft-?ite*lfiJ:V\ 
[0 0 8 5] fclZ, 0 9 (d) {ZTjk-fX?^ l/^h 

JACOBS P 35 7 1 a $:ftSS i 0 2 «fc 9 ft 5iltR/Sfi 
h/^->7 2»it5r^ia^ ♦M^iO/zmCO 
[0 0 8 6] 010 (a) [CtjH" J; ? tC, 

7 l A^JF^^ttfcS«5 1 SrWKSjC^a 
ifctt^SfflcJSi^jSJtiir-rj^ ^^/^-y? l A 

coMp^7 i a±{catRWt-Rgfii-5o rr-c\ ricfi-r 

tfWBf! P a 7 1 a fc«ilte»ffi»2RaS-&jg £ ft 3 J: 9 

[0 0 8 7] #mt°^^ri/^/Uil(Dp^fi:, R/S 
^IftSrlOOOtiStU nM^>^^hil5 3 
±tCioJtS-^X^yN^ — >7 1 ACD^P^57 1 aid, ff 
S*S«0. lMmt'Si«WS^lX10 ,8 cm- 3 

^V>T, K«5 lJifC h y ^^/^T/U^^^A (TM 
A) ^W^Lft^^, ffS^O. 3^m"CSi^«ft 
IS^lX10 17 cm" 3 (DniAlo., G a 0 . . N«fc0 
Wnl^y Kg 5 5^i^5^it5 0 MV>T, »*3ftS 
W60 nmiZ)GaNj;!5i5Sl©W Kg 5 6 
M£^£fz.&, m.gL&ft}7 5 0 o C{C^T^r^L, 115 1 

ichy^f/^y^^ (tm i ) t&mtfxt£& 

kUl<£?£Lftas 3 nmCO I n 0 . 2 o G a » . 8 0 N «fc 

D^61t^Ffetl5 7 ^CO^, S 

t/SJS*Frt<Z>ja*S:jKl 1 0 0 0°CfC^T*#ML, i?^75> 
1^6 0 nmCOGaNJ:«9ft6^2cD7 , f:7^V KJi 5 8 ^^c 

^SrW^LftjOSb, ff$?5SjRjO. 3//mt'Mg»i 
ft^S 1 X 1 O 1 7 c m" 3 CO pg/A 1 o. i Gao. 9 N «}; «9 ft 
^pi^77 KS5 9 4r^gS-tir, -^co^, 
0. 1 MmTMg^M^ 1 X 1 0 18 c m" 3 COp + 
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iGaNiiJ&SpS^^^ hit 6 0^^c*$^:^c 
[0 0 8 8] H 1 0 ( b ) MtjH" <£ 9 #^ t° 

7 1 A^iclTSo 

[0 0 8 9] |10 (c) td^J: ^ 

>^^M60 <7>_tffifc;* h^-l'^N i /Aui <9 

h/1 5 3 0_h®{-T i /A 1 J: t£Z> n#jm^6 2 10 
7 0%cOriiMM^- h^rffi-To 

[0 0 9 0] -v^^^n^ — V7 1 Afd^bv^y ^ 

[0 0 9 1 ] **S«C#^Ga N^(^^{^^ 

[0 0 9 2] IKC, In, G ai - X Nj:«9^^>^4^ 
#F^I415 7Wt, 1 d>f>ffiiLT*39 2#CtgM 20 

n Offlfifcifc x £rfitHtc l tcifi<5tt S r 4: *s-C# 
***** t?<z>«*««fc*3V ^S5»S^?83fc 

[0 0 9 3] In, Ga,-, N J; 9 3^4^- 

#Fffitti 5 7 fi, <fc V *<Dttm*1li'H£& 

rp]±-c#^5 0 30 

[0 0 9 4] ^3(C, pl^y^^ M6 Ofi, i!tRfi£ 
[0 0 9 5] g4C, S*R^cSffl(7)^^^^^-^7 1 

3 ^tfJ^SKif^ pI^^^Fg6 0(O»P) 40 

[0096] (^e (ommteM) j^Ts *mw<vm 6 <o 

[0 0 9 7] Hi ifi»6<753llfe?Bl!B^«s**frKB 
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So Hi l {-^"TJ: 3 *SHfS^<o«F»4: LX, ^ 

tRfftiwjSSLfcn^G aNJ:^/^^ b 7 ^ 7Vt<Ddh& 
MI8 0W±(^MtTt^ o 

[0098] ffiu<o£5icmrft£titz¥m#mw: 

[0099] il2 (a) ~~ ( d ) RX$m 13 ( a ) ~ 

(c) ft*nmj»m\z»&¥m{*tem<ommj7&n3tt 

!i^tM^ltw5 0 Hi 2 (a) (orhhJ;? 

£i\ t7 7 ^7 J; 19 ^5SS5 1 C^ltl^ 
8=i££:fTfto;fc^ MOVPEit (m^ii-T) coKJ^ 

jfkxs 5 1 ^sAt^c 5 1 <Dmm<Di)wm? v — 

SS5 1(Dl(: x i^^77l5 2Mnlny^^ 

5 3<D±\C±m\^t>fcoTS i o 2 J: "9 fcS-^^JKfifc 
17 1 £:»#»£-t*:5o 
[oioo] Scic, B12 ( b ) [OTtJ: 9tc, * h ^ 

f5^Xh/^-y7 2MU -^^h Hi 2 
(c) tc^-T J: 9 fc, i/v ; 7h/^-y7 2^-77^i 
IT, -r^^MR7 l^e>3BKfi8*ffl<DH!PSfB7 l a 

[0101] fttC, H 1 2 (d) (C^-T J: nln 
M5 3 f^ttS"^:*^'^ — >"7 lA©f|P^ 
7 1aC, mZtimi jumXS i 1X10 

S 0 8 oic*5#s*«5 

1 Clttlo^ h7^^^BBpffi7 1 a fcSfltfcBr 

[0102] KkK. H 1 3 ( a ) {CTjk-TX 0 iMBJfc 
^18 0!iS«ftLtSS5 l «:SJES^6>»f9au 

— >7 l AM2tLT:7 ^B^<^*SiK£:fl!v^ 
r^zn^ h^^^V^^fT^oTf^^^^N^->'7 1 A 

[0 10 3] 113 (b) tc^-TJ: 5(-> 

/^^->-7 lA»ilf;ll5 1 Srlft/RlC^lcaA 
*«5 1 CD_b^^S{-^fcoT#^t 0 ^^rv/-V/Vji 

4r{cj: t? , figp^S 8 o coiIflB _bK:3§ 

5 commmm t mm^ it, n^^>^^ hiis 3^± 

IC N n + iGaN«t!3iS/<77rl54 I nlA 1 
o., Gao.a N<t9*5nS^7y K155, GaNj; 
«9 (D^tiS-i Kg 5 6, I no.20Gao.80NJ: 1 !) 

^K15 8, pfflAl.., Ga 0 . 9 N<t5/j:5pS^5 
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6 OSrJBftrit****. 

[0104] ftCfC, (313 ( c ) «fc 0 \C S fc° 

r^icj:<9, nl^y^ hji5 3£@£fc}£i£5 0 *0> 
pi^y^^ M6 0(D±Il:^ h7>f i 
/AuJ:0ftSp«««6 lSr»fiK-*-St*«c, ^tUL 

fcn^^>^^ M5 3^_h®iCT i/A 1 <fc<9&5n 10 
[0 10 5] Jfc*3, ^tH 5 4 fi, ni^y^^h 

nm^>?? M5 3 ^^7ri5 4 t(D^Wj& 

[0106] *HJfi«J8*C«5G a N^co¥»f*3S3t3£ 

T^5 0 20 

[0107] In, Ga,., N±D45SI^ 

#F^ttjf5 7f2, £«5 ia»&a&LT:fc0 2&7cft 

»fMI«**:*B*ciB:«i-5ni:*s-e#5o % 30 

[01091I3C, pS3^^hg6 0lt »WfiR 

[Olio] fcfc, S«5 i T<z>J; 5 416!* 

ttfflRSrffl^-ffc, mit->U^> (Sic) «EJ:0«:5 

JST**S^:«>, nl^y^^ M5 3^IH3^ii-6K7 40 

[0 111] ^5M6WiWlC^^T, 
nIny^^M5 3l:GaN$:ffll/^AI, Ga 

[0 1 12] 

{cJc5<t N |p R pSroei«|M:<^inGaNi;^ 
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te^»**r»»Jt?#5<0-e, I nGaN(0»*tt3ftS|fiI± 
[0 1 13] ^3 0^»:(D®f5t*^f-*3^T, 

[oi 14] »i— JB3<o^*fl:<©jJ3S*ife^*3v^r, 

r r*U£<};^ K« 2 &Stt* 

[0 115] **W©»4-'JB6 0*Wft:<0»iS*ffitc 
ifttta:«>pffl*«#*r»e>*t{-< i^III SeSfb 

ffiJ:9ft5«/h«*±^ft«i^*Si3:Sfc«), pIK 
[0 116] *4~K6<D^*flc^»3t*ffit-*3V^T, 

xd^tfeii:, ^B B B^g^^c^Dv^r, flatus 

pS!K-^>h©»fl[*Sblc*#<-e#5 0 
[oii7]Si-S3 <0¥WfHS« wfifc^ifefc: «t S 

[0ll8]$i-S3 w*S(flc36«<©»it*iSfett, * 
2»«SWSpS-C*>'K »2JMffl^yKi©J:i:, 
pfflK-^vhSrfltftLftjasMII «afb» 
£r£ic«fc!3, in fti»J:9 4?)pM^y^^ hS 

[0 119] S3W*i|M^Sil^> -v*^ 
^ * - V y a >-«Kfc;IR3W GaN| 
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[0120] *&m<D&i<D*m»&&L<DSLT&jjmiz£ 

#W£S:H"K<<, ^T*£ 0 B 0 Oq R nft^iii< ft Z> ft ft, 
[0 12 1] **M^*2O**fl:»E<0jHJS*ife^«t 

[mi] io*»*ii^«s*w*<z>«3ft* 

[0 2] «P^|l^S»-»J(:i6^ 

[0 3] *38W<Z5* 2 <oS616*«{c« 6 

[El 4] *«W^)»2<D*l6JB1ll^«5^afff^»3t* 
ffitdJotfS I n G a N«t 0 I n 

[15] (a) - (c) (#lP^^l3 0S»il^ 

[0 6] (a) RXf (b) W:*«W©*3<Djllfi»«JC 

[0 7] *»Wo»4<©SSSS»«{c«S^»»<o«5t* 30 
[0 8] **W^JR5<DSItt»«fc:«S*Wf*:S5«wWf 
[0 9] (a) - (d) WIP^^l5(O^WI{^ 

[0 10] (a) - (c) tt*«W(0»5<Z)*16»«*C 

# N ^ ^»»3fi«(z>«a*fe**-r xs«b^«^ » B0 -c 
[012] (a) ~ (d) itt¥£w<Dm6<Dmffi.temc 

[013] (a) - (c) tt**WW*6 0*lll»«*C 
«5*WffS««Ojia*ft«r*i-XSW<o«aKffi0"C 

W#©R«] 
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1 1 A 
11a 
1 2 A 

12a mSfcLfc!Bl<B*NM«i 

13 *2<Z>¥4M«B 

1 3 a «Jf 

1 1 B SIS 

i 2 b asHKdcJi 

1 2 b 

1 2 C Jg 1 O^gftjf 
12c 

13 !2(^Mf*S 

13b m& Lfc® 2 O^gftjf 

1 4 b mmi* 

2 1 S« 

2 2 Tift/f 
2 3 > 

2 4 Sg 1 0>¥W#Ji 

2 5 f 2^SftI 

2 6 

3 1 mm 

3 2 Tmm 

3 3 -srX?s<#*-ls 
3 4 

3 4 A 

4 1 mm 

4 2 T±fcS 

4 3 V 

4 4 ¥^f£B 

4 5 p S!¥««B 

5 1 mm 

5 2 ®tfi/^7ri 
5 3 n§^>^ 

54 ^s^rJB 

5 5 na^7!/Ki 

5 6 mi (Dfttf'f KS 

5 7 SE*^#FSi*« 

5 8 »2(7))t^Kl 

5 9 pS^7^KI 

6 0 pfny^^ hJp 

6 1 p®mm 

6 2 nfflffllffi 

7 1 -7^^M17 1A -7^^^^" V (51 

7 1a PIPS 

7 2 Uy^ V'<? — ls 

8 0 £iflffl$/iK/l 
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